In this paper, we consider generalized space-time fractional cable equation in presence of external source. By using the Fourier-Laplace transform we obtain the Green function in terms of infinite series in H-functions. The fractional moments of the fundamental solution are derived and their asymptotic behavior in the short and long time limit is analyzed. Some previously obtained results are compared with those presented in this paper. By using the Bernstein characterization theorem we find the conditions under which the even moments are non-negative.
Introduction
The cable equation has been used to model electrotonic properties of neuronal dendrities [1] . In the work of Baer and Rinzel [2] , for the first time, theoretical study of wave propagation mediated by dendritic spine is performed, where the dendritic tissue is modeled with the classical cable equation 
where m r denotes the specific membrane resistance, L r is the longitudinal resistivity, m c denotes the membrane capacitance per unit area, and e i is the external injected current per unit area. The product τ m m c r  is the time constant for the dendrite.
The cable equation can be derived from the Nernst-Planck equation for electrodiffusive motion of ions [3] . There are generalizations of the cable Equation (1) where the non-local nature of the diffusive transport of living cells is taken into consideration. In the excellent works of Henry, Langlands and Wearne [4] [5] [6] , time fractional cable models for spiny neuronal dendrities are introduced and investigated in detail. They derived the time fractional cable equations from fractional Nernst-Planck equations, and investigated the electrotonic effects of the trapping properties of spines [4] . In the work of Li and Deng [7] , space-time fractional cable equation is introduced where the spatial non-local effects are taken into account by modifying the Ohm's law to fractional one. Thus, Li and Deng considered the following space-time fractional cable equation in the infinite domain
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where x and t are dimensionless parameters (see relation (10) from [7] ), 0 α 1 
and μ  is the Riesz fractional operator defined by [9, 10]  
are the left and right R-L fractional derivatives of order μ defined respectively by [8, 9] 
Here we note that the Riesz fractional operator (4) can be represented as  
, and that it is a generalization of the Laplacian which is obtained for 2   . It represents pseudodifferential operator
The boundary conditions for the cable Equation (2) are given by
and the initial condition by
Here we note that the fractional cable equation with nonlocal boundary conditions is recently considered in [11] . Equation (2) with 0   and ( , ) 0 f x t  is the space-time fractional diffusion equation which describes the competition between the subdiffusion and Levy flights, and which can be obtained from the continuous time random walk (CTRW) theory for broad distribution of waiting times and long-tailed distribution of jump lengths [12] . Fractional diffusion equations in presence of external force were also of interest in many recent papers [12] [13] [14] [15] . Analytical solutions of fractional differential equations and numerical methods of fractional cable equation have been considered by many authors [16] [17] [18] [19] [20] [21] [22] [23] [24] , to name but a few. In our work, we further generalize Equation (2) by introducing time fractional derivative of Caputo form of order 0 1    , defined by [8, 9] 
which has been used in different contexts. The application of different forms fractional derivatives [8] [9] [10] 25, 26] have been found to be a useful tool for modeling systems with memory, due to the power-law memory kernel contained in the convolution integral. It is shown that the fractional derivatives appear in the diffusion equation describing anomalous diffusive processes where the mean square displacement has a power-law dependence on time [12] , and that they can be used for modeling aquifer problems [13, 27] , non-exponential relaxation problems [28, 29] , etc. Furthermore, time fractional derivatives are equivalent to infinitesimal generators of generalized time fractional evolutions that arise in the transition from microscopic to macroscopic time scales [28, 29] . The transition from first order time derivative to the fractional one arises in many physical problems as shown by Hilfer [25, 30, 31] . Contrary to the time fractional derivatives, the Riesz space fractional derivative has benn shown to represent suitable tool for modeling Levy flights for which the second moment diverges, and, thus, the fractional moments should be calculated in order to analyze the superdiffusive behavior of the particle [12, 14] .
Thus, the generalization of the cable equation by using time fractional derivatives and Riesz space fractional derivative take into consideration temporal memory effect and long range spatial correlations. This paper is organized as follows. In Section 2, we consider generalized space-time fractional cable equation with a source term. The fundamental solution (Green function) is represented in terms of infinite series in H-functions. The fractional moments of the fundamental solution are derived in Section 3, and their asymptotic behaviors are analyzed. Summary is given in Section 4.
Solution of the problem
In this paper, we consider the following generalized space-time fractional cable equation
where   is a time parameter introduced for dimensional purposes. Without loss of generality we set
A few words about Equation (10) are in order. Let us apply R-L time fractional integral of order 0 1    defined by [8, 9] 
to Equation (10) . By using the relation [8, 9] , and then applying first time derivative, we rewrite Equation (10) 
where we use the relation [8, 9] . In order Equation (12) (10) with boundary conditions (7) and initial condition (8) is given by
where
is the Fox H-function [32] [33] [34] .
Proof. By applying Laplace transform with respect to the time t to Equation (10) we obtain
where we use the initial condition (7) and the following formula for the Laplace transform of the Caputo fractional derivative [8, 9] 
, and the Laplace transform of the R-L fractional derivative defined by [8, 9]        
Here we suppose that
) (please see [4] ). The Fourier transform of
 , and we use that
. Thus, we obtain
Here
), and
Thus, the solution can be represented in a form given by (13) . Expanding the right hand side of (21) and (22) in a power series in s (see the approach given in [8, 9] ), we arrive at
Using the Laplace transform formula for the three parameter Mittag-Leffler (M-L) function
  is the Pochhammer symbol) [35] :
The convergence of series in three parameter M-L functions of form (26) and (27) is shown in [36] . For various relations and applications of the M-L functions we refer to [37] . If we use the relation between the three parameter M-L function and the H-function [33] 
we obtain
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. Therefore, we find
If we use the following property of the H-function [33] 
then (32) and (33) yield
If we further use the following transformation formula for the H-function [33] 
relations (35) and (36) transform into the form (14) and (15) . Thus, we prove the theorem. Here we note that instead of solutions (14) and (15) one can uses the solutions (35) and (36) . Next, we consider several special cases of the fundamental solution of Equation (10). Corollary 1. The Green function (14) in case where 2   (second space derivative), becomes
Corollary 2. The Green function (38) in case where 1   is given by
which, by using the properties of H-function [16] , can be represented in a form given in [4] , i.e., 
as it should be. 
which corresponds to the fundamental solution of space-time fractional diffusion equation (see for example [14, 38] ). Example 1. The fundamental solution (Green function) of Equation (10), without external source term, with boundary conditions (7) and initial condition (8) is given by (14) , and can be obtained if in solution (13) 
, we obtain the following result for the Green function given by Li and Deng [7]  
Example 2. The solution (13) in case of ( ) 0,
and external source, given by 
Here we note that we use solutions (35) and (36) instead of (14) and (15) in order to apply the Euler transform formula [33] 
Therefore, for (44) 
From (51) (52) which means that the Green function is not a probability distribution function. From ( shows power law decay in time.
Such non-conservation of the norm is important in certain cases, as described by the Hilfer idea of fractional generators of the dynamics [42] . The non-conservation of norm appears in the decaying of the charge density in semiconductors with exponential distribution of traps, as well as power law time decay of the ion-recombination isothermal luminescence in condensed media [43, 44] . Here we note that non-conservation of norm has been observed in the analysis of fractional diffusion equation with composite time fractional derivative [13, 14] . 
the current switches directions. By using of Bernstein characterization theorem we show under which conditions of parameters the even moments are non-negative.
